Little is known about the physician workforce providing palliative care in Canada, and in Ontario specifically. We developed an algorithm to identify palliative care physicians using administrative claims data and validated it against a reference sample. We then applied the algorithm to all general practitioners/family physicians (GP/FPs) in the province of Ontario to describe and quantify those identified by the algorithm.
T here is increasing recognition of the need to improve access to palliative care for patients with progressive life-limiting illnesses. Practice-based models and research data support the need for early palliative care involvement. 1, 2 Increasing cancer incidence, a growing older population and increasing recognition for palliative care in noncancer diagnoses are all drivers of the need for palliative care.
Physicians, as part of interprofessional teams, play a crucial role in the provision of palliative care. An adequate workforce of palliative care physicians with the necessary training and skill to manage complex cases and lead education, research, quality improvement and health services management is required. 3, 4 However, other physicians, including general practitioners/family physicians (GP/FPs), also have an important role to play, particularly by providing generalist-level palliative care. This generalist approach is increasingly referred to as the "palliative care approach." 5 Little is known about the physician workforce providing palliative care in Canada, and in Ontario specifically. A report from the Canadian Partnership Against Cancer on the cancer control workforce 6 describes a gap in human resources research and a need to understand better the current and future supply of physicians to provide cancer care, including palliative care. The Canadian data that are currently available are collected through surveys or interviews, which are timeconsuming and subject to errors or bias. [7] [8] [9] A study in the United States also had difficulties identifying palliative care physicians to estimate the workforce. 10 Estimates from England vary considerably depending on the source. 11 The absence, until recently, of formal recognition of palliative care as a specialty or subspecialty in Canada 12 has complicated the identification of physicians with advanced training and expertise in palliative care. Moreover, a lack of formal designation by the health ministries or regulatory bodies amplifies Identification of the physician workforce providing palliative care in Ontario using administrative claims data the challenge. Being able to identify palliative care physicians using administrative data would provide a rapid means of quantifying the workforce of palliative care physicians for policy purposes and would provide a tool for other research studies.
We developed an algorithm to identify physicians who provide palliative care from administrative claims data and validated it against a reference sample of physicians. We then applied this algorithm to all GP/FPs in the province of Ontario to describe and quantify the physician workforce providing palliative care.
Methods

Study design and setting
We used administrative health care data to create an empirically based algorithm to identify physicians providing palliative care in Ontario. After we validated the algorithm in a reference sample of self-identified palliative care physicians, we applied it to all GP/FPs in the province. The study design was approved by the Research Ethics Board of Sunnybrook Health Sciences Centre. Standard protocols were followed to preserve physician privacy and confidentiality. All databases used for the study are housed at the Institute for Clinical Evaluative Sciences.
Ontario's population exceeds 13 million. All physician care in the province is provided by a government-funded singlepayer health plan. Any patient who is felt to have need can receive palliative care regardless of whether they are still receiving life-prolonging therapy. Palliative care is typically provided by GP/FPs who have developed palliative care within the scope of their practice to greater or lesser degrees. For some, palliative care constitutes all or a major part of their practice. An unknown number have completed advanced training in palliative care, including an additional year of training in an accredited program.
Data sources and definitions
The Ontario Health Insurance Plan (OHIP) claims include the date and type of service and a unique provider number. Virtually all health services and physician visits are captured in this data. The OHIP Corporate Provider Database and the Ontario Physician Human Resources Data Centre database capture physician demographic and practice-related characteristics. We linked these administrative databases through each physician's unique provider number. We calculated each physician's full-time equivalent status by using total physician payments from all sources. We assigned a full-time equivalent value of 1.0 to physicians who fell between the 40th and 60th percentiles of their specialty. 13, 14 We reviewed physician OHIP claims from Jan. 1, 2008, to Dec. 31, 2011. To identify palliative care physicians, we used a collection of specific fee codes for palliative care. These fee codes were identified by consulting the Ontario Ministry of Health and Long-Term Care's OHIP Schedule of Benefits and Fees. This list of codes was vetted by one of us (J.P.), a practising palliative care physician, to ensure its completeness; codes that had few to no claims were excluded (Appendix 1, available at www.cmajopen.ca/content/3/3/E292/suppl/DC1).
Algorithm development and validation
To develop the algorithm for identifying palliative care physicians based on administrative data, we determined each physician's proportion of claims that were for palliative care. We chose to use a proportion because it better characterizes practice patterns of palliative care physicians. Using absolute counts of claims for palliative care would have underestimated the number of palliative care physicians, because some physicians are busier than others. Because the fee paid for any of the individual claims was within a narrow range, we did not use the proportion of billings from palliative care codes (by contrast, a surgeon would have procedure claims that are worth much more than a clinic visit). We evaluated the distribution of the data and empirically identified a cutoff, whereby physicians whose proportion of palliative care claims was above the threshold were defined as palliative care physicians.
To validate the algorithm, we first identified a sample of physicians using a short survey we created that asked respondents to self-identify as physicians who practise mostly palliative care (v. occasionally or rarely) and their full-time equivalent status. The Ontario Medical Association 15 was consulted to identify and contact all GP/FPs and all physicians with a special interest in palliative care in the province. These physicians were surveyed from March to November 2013. After the initial contact, the physicians were given 8 weeks to respond. Those who responded to the survey were used as the validation sample.
We extracted all claims data for physicians in the validation sample. We compared the proportion of palliative care claims billed by each physician with the amount of palliative care he or she reported in the survey to determine the performance of the algorithm. Physicians who self-identified as practising mostly palliative care were considered palliative care physicians; those who indicated that they occasionally or rarely practised palliative care were considered non-palliative care physicians. For the algorithm to work perfectly, every physician whose proportion of palliative care claims was above the cut-off would also have self-identified as practising mostly palliative care, and every physician below the cut-off would have self-identified as practising palliative care only occasionally or rarely. We tested different thresholds to maximize the sensitivity, specificity and positive predictive value of the algorithm. We used a binomial distribution to calculate 95% confidence intervals. 16 
Identification of the palliative care workforce
Once the cut-off was validated, we applied the algorithm to claims from all GP/FPs in the province. Although we recognize that some specialists provide palliative care, we restricted our analysis to GP/FPs because they accounted for most of the palliative care claims in the validation sample. We then used the administrative data to quantify and describe those identified by the algorithm.
Results
A total of 125 physicians responded to the survey. We excluded 7 because they could not be linked to the databases or had no recorded billings within the study period. A final cohort of 118 physicians was included in the validation sample (Table 1 ). All specialties (n = 44) were evaluated for fee codes specific to palliative care. Most (82.5%) of the palliative care claims were billed by GP/FPs, including those also practising in emergency departments (Table 2) . Medical oncologists billed the next largest proportion (6.1%), most commonly using a weekly case-management code. The other specialties billed palliative care codes infrequently. Fee codes for counselling were used most commonly by the GP/FPs.
We examined the distribution of the proportion of claims that were palliative care claims and empirically selected 10% as the cut-off (data not shown). Performance of this value and 3 additional thresholds in the validation sample are presented in Table 3 . The 10% cut-off was shown to have optimal performance, with exceptional specificity and positive predictive value (97.8% and 90.5%, respectively) and adequate sensitivity (76.0%). Use of a lower threshold of 5% or 3% sacrificed specificity and positive predictive value without improving sensitivity. A higher threshold of 50% greatly reduced sensitivity (24.0%) with marginal increases in specificity and positive predictive value. A physician's full-time equivalent status did not affect the performance of the algorithms (data not shown).
When we applied the algorithm to the entire GP/FP population using the 10% cut-off, we identified 276 palliative care physicians. Compared with the non-palliative care physicians, the palliative care physicians were significantly more likely to be female (48.9% v. 38.8%, p < 0.01), to practise in an urban setting (96.0% v. 87.2%, p < 0.001) and to work part time (52.5% v. 37.0%, p < 0.001) ( Table 4) . When we applied the algorithm, the number of physicians identified as practising mostly palliative care was felt to be rather large (impression from clinical and leadership roles on the team). As a result, we selected secondary cut-off and present data for both thresholds. When we stratified the palliative care physicians using the 50% cut-off, those above this threshold (n = 109) were significantly younger than physicians whose palliative care claims accounted for 10% to less than 50% of their claims Note: CI = confidence interval, NPV = negative predictive value, PPV = positive predictive value. *Validation sample = physicians who participated in survey and self-identified as practising mostly palliative care (n = 118). (Table 4 ). There were more women in the group above the 50% threshold, but this difference was not statistically significant. Almost 40% of the physicians in this group were in the Toronto Central health region.
Among the physicians whose claims for palliative care fell below the 10% threshold, 0.5% of their claims were for palliative care, as compared with 21.2% of claims among the palliative care physicians between the 10% and 50% thresholds and 82.8% of claims among those above the 50% threshold. About 3700 GP/FPs (range 3582-4147 depending on the year, or about 40%) did not bill for palliative care.
The non-palliative care physicians and the 2 groups of palliative care physicians (10% to < 50%, and ≥ 50%) relied on different fee codes. The non-palliative care physicians who did bill for palliative care used house-call codes or the weekly case-management code most often. By contrast, physicians above the 50% cut-off primarily used the weekly casemanagement or counselling code. 10% to < 50% ‡ n = 167
Age, yr p = 0.8 p = 0.04
Mean ± SD 50.4 ± 11.8 50.6 ± 13.1 51.9 ± 13.7 48.5 ± 11.9
Sex p < 0.001 Note: GP/FP = general practitioner/family physician, SD = standard deviation. *Unless stated otherwise. Differences in means were compared with analysis of variance; differences in proportions were compared with χ 2 test. †Represents all palliative care physicians identified using the 10% algorithm (10% cut-off for proportion of claims being for palliative care); p values are for comparison between non-palliative care physicians and palliative care physicians. ‡Represents all palliative care physicians identified using the 10% algorithm, stratified by those with 10%-< 50% of claims and ≥ 50% of claims being for palliative care; p values are for comparisons between these 2 palliative care groups.
Interpretation
We successfully developed an algorithm using administrative claims data to identify physicians practising mostly palliative care. The algorithm performed with excellent specificity, an excellent positive predictive value and modest sensitivity against the validation sample using a data-driven cut-off of 10% of claims being for palliative care. Using this algorithm, we identified 276 GP/FPs who practised mostly palliative care, 109 of whom billed for palliative care more than 50% of the time.
Despite the high specificity and acceptable sensitivity of the 10% cut-off, the number of physicians across the province identified as palliative care physicians using this definition (n = 276) appeared large to us. This may have occurred because the survey sent to ascertain palliative care practices was not specific enough, in that "mostly" palliative care was not more specifically defined. It may be that our perspective under-appreciates the actual number of physicians practising an intermediate amount of palliative care. Physicians may be reluctant to disclose doing a significant amount of palliative care for fear the provincial college would deem them not doing enough general practice to maintain their certification in general family medicine.
The reporting of results for 3 groups of physicians rather than 2 may deviate from the original intent, but it does provide additional insight that is useful from a policy perspective. For example, palliative care physicians above the 50% cut-off differed from those in the 10%-50% cut-off group. They were younger and were clearly clustered in certain provincial health regions. By contrast, regardless of the cut-off used, physicians who are providing palliative care were primarily practising in urban settings. Furthermore, it is clear that physicians above the 50% cut-off are practising palliative care almost exclusively. The intermediate group (10%-50% of claims for palliative care) likely were running a regular family practice as well. These different groups reflect different models of providing palliative care. A palliative care approach need not be limited to specialists whose practise is exclusively in this area. 5 A recent study showed that different community-based team models in Ontario reduced hospital admissions and emergency department visits, provided certain key elements were present. 17 About 40% of the GP/FPs in our study did not use a single palliative care fee code. If the intention is to increase the capacity of primary palliative care, this may represent a target group or metric. For example, if policy measures are implemented to increase primary palliative care, the patterns of billing for these physicians could be followed over time for change.
Our algorithm provides a tool to evaluate the number and distribution of palliative care physicians, to estimate the number of patients for whom they provide care and to project estimates of human resource needs. Physician:population ratios in England 11 and Australia 18 have ranged from 0.8 to 1.5 palliative care specialists per 100 000 population. Whether these estimates are applicable to Ontario is not known. In the US, Australia and England, shortages are feared. 10, 11, 18 An in-depth examination of this issue for Ontario was beyond the scope of our paper, but we hope the algorithm is a significant step toward finding the answer.
Strengths and limitations
The strength of this paper is that it begins to address a recognized gap in our knowledge of human resources in palliative care in Ontario. Although the specific fee codes and thresholds used in our study may not be generalizable to other settings, the methodologic approach could be readily applied in other jurisdictions.
A limitation of the study is that the billing system is unable to capture all possible types of palliative care activity accurately. The types of claims used for the algorithm were specifically related to the provision of palliative care; however, it is common for palliative care physicians to bill other types of claims that are more generic, even if the nature of the care provided was still palliative. As such, the algorithm is not able to quantify how much palliative care patients are receiving, and no physician would have 100% of their claims specifically related to palliative care. Although specialists and GP/FPs may be providing palliative care and billing with other fee codes, the lack of use of the codes used in our study indicates this is not the main focus of their practice.
Conclusion
The algorithm we developed and validated using administrative claims data readily identified and quantified the workforce of palliative care physicians in Ontario. Such a tool has numerous applications for both health service planners and researchers. Until there is a more rigorous definition of "palliative care physician" paired with a robust identifier, our algorithm may provide researchers with a useful tool to evaluate the number and distribution of palliative care physicians.
